A ortic plaque (AP) is associated with multiple cardiovascular disease (CVD) risk factors (RFs) and with excess burden of cardiovascular morbidity and mortality. [1] [2] [3] [4] AP can be visualized and quantified noninvasively by cardiovascular magnetic resonance (CMR) imaging 5 and by computed tomography (CT) 6 ; noncontrast CMR principally depicts noncalcified plaque, and noncontrast CT best depicts the calcified components of plaque. Studies have used CMR or CT for quantitative assessment of AP, but it is unclear whether calcified and noncalcified plaques differ in their associations with various CVD RFs in the same individuals.
A subset of the Framingham Heart Study Offspring cohort 7 underwent noncontrast CMR and noncontrast CT imaging of the descending abdominal aorta. In this study, we quantified plaque in the descending aorta by CMR (AP MR ) and by CT (AP CT ) in those Offspring who were scanned using both modalities (n=1016). We compared and contrasted the associations of CMR-detected noncalcified and CT-detected calcified AP with standard CVD RFs and determined and compared the prevalence of AP by each imaging modality.
profiles than women. Men were more likely to have hypertension and prevalent CVD compared with women. Men were more likely to be treated for dyslipidemia and were marginally more likely to be on antihypertensive medication. Prevalence of current and former smoking did not differ between sexes, but among smokers, men had greater burden of pack-years. Prevalence of AP MR (Table 2) was 49% in the overall study group and did not differ between men and women either globally (P=0.17) or regionally (P=0.17 for abdominal; P=0. 15 for thoracic AP MR ). AP MR was much more prevalent in the abdominal aorta than in thoracic aorta in both sexes. Overall, prevalence of AP CT was markedly higher, at 82%, than the prevalence of AP MR . There was greater prevalence of any AP CT (P=0.047) and abdominal AP CT (P=0.0026) in men versus women, but thoracic AP CT prevalence did not differ between sexes (P=0.69). The median and lower 10th and upper 90th percentiles of quantitative AP for each imaging modality are presented, by sex, in Table 2 . The quantitative burdens of AP MR and AP CT were linearly correlated with one another, r=0.28, P<0.0001. Directly comparing prevalence of AP by CMR and by CT, 115 (11.3%) participants had no AP by either modality, 72 (7.1%) had only AP MR , 402 (39.6%) had only AP CT , and 427 (42.0%) had AP by both CMR and CT. Clinical characteristics of the study participants, stratified by AP MR vs AP CT , can be found in Table I in the online-only Data Supplement.
Candidate RFs for the AP=0 and AP >0 groups are presented by imaging modality in Table 3 . For both CMR and CT, participants with AP >0 were older than those free of AP. Systolic blood pressure was greater in AP >0 participants, marginally so for AP MR and significantly for AP CT , whereas diastolic blood pressure was greater in those with zero AP MR . Total cholesterol, lipid subfractions, and high-sensitivity C-reactive protein (CRP) did not differ between AP MR groups. For AP CT , total cholesterol did not differ between groups, but participants with AP CT >0 had more adverse total-to-highdensity lipoprotein (HDL) cholesterol ratio and higher CRP. Prevalence of dysglycemia, hypertension, and adjudicated CVD was each greater in AP >0 groups by both imaging modalities. Cumulative pack-years of smoking was also associated with AP >0 by CMR and by CT.
Multivariable-adjusted logistic regression models for AP by CMR and CT included surviving candidate RFs (those with P<0.05 on age-and sex-adjusted logistic regression models, Table 4 ) for either AP MR or AP CT . Sex and age were forced into the multivariate models. To minimize colinearity attributable to the multiple blood pressure markers significantly associated with AP, we selected systolic blood pressure and treatment for hypertension for entry into the multivariable model. In the full multivariable-adjusted models (Table 4) , AP MR was positively associated with current smoking (odds ratio [OR]=1.94), greater age (OR=1.40 per 10 years), female sex (OR=1.40), increased fasting glucose (OR=1.14), and log pack-years smoked (OR=1.04). Greater body mass index (BMI) was protective against AP MR (OR=0.95). Systolic blood pressure, any components of the lipid profile, diabetes mellitus, and treatment for hypertension or dyslipidemia were not associated with odds of having AP MR . For AP CT greater age was strongly associated with prevalent plaque (OR=7.21 per 10 years), followed by treatment for hypertension (OR=3.71), and log pack-years (OR=1.18). With respect to lipids, lowdensity lipoprotein cholesterol was positively associated with AP CT (OR=1.10 per 10 mg/dL), whereas greater HDL cholesterol was protective against AP CT (OR=0.76 per 10 mg/dL). Candidate RFs that did not retain significance for AP CT were sex, BMI, systolic blood pressure, serum triglycerides, fasting plasma glucose, diabetes mellitus status, current smoking, and treatment for dyslipidemia. In the age-and sex-adjusted logistic regression models, CRP was borderline significant for AP CT (P=0.051), but not AP MR (P=0.19), and was not entered into the multivariate models per the prespecified analysis plan. However, on speculative off protocol analyses, we forced CRP into the multivariate models and found no association between CRP and prevalent AP CT (or AP MR ) after adjustment for other RFs. The c-statistic for AP CT was 0.893, greater than that for AP MR at 0.648.
Tobit regression models (Table 5) considering amount of AP MR were generally consistent with logistic regression results. For AP MR , current smoking, increasing age, and packyears smoked were associated with greater plaque burden, whereas greater BMI was weakly associated with lower burden of AP MR . Tobit results differed from logistic regression results in that volume of AP MR was not associated with glucose level. As with logistic results, greater AP CT volume was positively associated with greater age, treatment for hypertension, and both pack-years smoked and current smoking. However, in contrast to prevalence of AP CT , the burden of AP CT was additionally associated with prevalent diabetes mellitus, systolic blood pressure, and cholesterol treatment, which replaced serum low-density lipoprotein and HDL cholesterol levels. Female sex was associated with decreased burden of AP CT , consistent with Agatston score results presented in Table 2 .
The finding that greater BMI was protective against AP MR was unexpected and prompted us to examine other measures of adiposity, with the goal of better understanding the relationship between obesity and AP. Despite its convenience and ubiquity, BMI has limitations, such as the inability to distinguish central from peripheral obesity, whereas waist circumference (WC) and waist-to-hip ratio (WHR) may be more informative. Consequently, we constructed multivariable-adjusted logistic and Tobit regression models using WC, WHR, and obesity as a dichotomous variable (BMI ≥30 versus <30 kg/m 2 ), each in place of BMI. Both WC and WHR were protective against AP MR in logistic models but were not statistically significant in the Tobit models. Categorical obesity was not associated with either prevalence or burden of AP MR . ORs for most other RFs did not substantially change on replacing BMI with WC, WHR, or dichotomous obesity, but female sex was no longer significantly associated with prevalence of AP MR .
Discussion
Both calcified and noncalcified APs were common in this cohort of middle-aged and older adults, but prevalence of AP CT was greater than that of AP MR . To our knowledge, this is the first report directly comparing prevalence and RF correlates of calcified and noncalcified AP in the same individuals drawn from a community-dwelling cohort. We confirmed that both greater age and smoking were associated with AP MR 8 and with AP CT , 9,10 as have been reported previously. The main novel findings of the present report are that prevalence and burden of AP CT were much more strongly associated with advancing age than AP MR and that the 2 measures of AP differed with respect to their relationship with other CVD RFs. AP MR was additionally related to plasma glucose on logistic but not Tobit regression analyses and was inversely related to BMI. WC and WHR, measures of central obesity, were not related to AP MR on Tobit regression. AP CT was additionally related to serum cholesterol levels on logistic regression analyses and to drug treatment for dyslipidemia and to prevalent diabetes mellitus on Tobit regression analyses.
In the Context of Current Literature
Our findings regarding AP CT are largely concordant with prior work on aortic calcium, such as a recent report from the MultiEthnic Study of Atherosclerosis (MESA), in which Criqui et al 11 found that abdominal aortic calcium was positively associated with greater age, former and current smoking as well as pack-years smoked, treatment for dyslipidemia and lowdensity lipoprotein cholesterol level, treatment for hypertension, and systolic blood pressure, whereas HDL cholesterol was protective. The association between age and AP CT was stronger in the present study (OR, 7.21 per 10 years) than the association between age and abdominal aortic calcium in the MESA group (OR, 3.41 per 10 years), whereas associations between other RFs and abdominal aortic calcium tended to be stronger in the MESA report. These differences may be attributable in part to ethnicity, because black and Hispanic ethnicities were associated with lower prevalence and burden of AP CT in the MESA cohort, 11, 12 whereas the members of Framingham Heart Study Offspring cohort were overwhelmingly white. Additionally, we defined AP CT as calcified plaque in either the thoracic or abdominal aorta, or both, whereas Criqui et al 11 considered only the abdominal aorta.
Similar relationships between CVD RFs and aortic calcification have been reported in other study samples. Among >1000 adults attending a disease prevention clinic, Allison et al 13 found increased HDL to be associated with lower prevalence of abdominal aortic calcium in both sexes, and lower prevalence of thoracic aortic calcium among women, whereas greater non-HDL cholesterol was associated with higher prevalence of thoracic aortic calcium in women. In the Diabetes Heart Study, age and smoking were most strongly correlated with burden of aortic calcium. 9 There are fewer reports regarding AP MR . In a study of 149 adults undergoing coronary angiography, Momiyama et al 14 found greater age and hypertension to be associated with prevalent AP MR on multivariable-adjusted logistic regression analyses. In the thoracic aorta, male sex and low-density lipoprotein cholesterol were positively associated with prevalent plaque, whereas greater HDL cholesterol was protective. Smoking was associated with prevalent CMR plaque only in the abdominal aorta. Although we did not find association between hypertension or serum cholesterol and AP MR , in contrast to Momiyama et al, 14 it is difficult to compare the studies directly. We did not perform regional analyses on AP MR because of the low prevalence of thoracic AP MR in our study participants. Additionally, there were differences in ethnicity and clinical characteristics between the patients studied by Momiyama et al 14 and patients belonging to the Framingham Heart Study Offspring cohort. We report results from a largely European-descended, community-dwelling cohort with approximately equal distribution of sexes (slightly greater female prevalence), <10% prevalence of smoking, and 12% prevalence of clinical CVD, whereas Momiyama et al 14 studied Japanese patients, of whom 77% were men and 59% were smokers and who were undergoing coronary angiography for either known or suspected coronary artery disease. On catheterization, 70% of the patients were found to have ≥1 coronary artery with >50% stenosis. The patients studied by Momiyama et al 14 represented a population enriched for atherosclerotic disease, as opposed to the community-dwelling cohort of the present study.
Our finding of an association between greater BMI and lower prevalence and burden of AP MR was unanticipated, given the association of obesity with other CVD RFs. Female sex was more prevalent among those with AP MR versus those without, suggesting that the inverse relationship between BMI and AP MR might be attributable to the lower BMI of women versus men in our study sample, but results were consistent even after adjustment for sex. Smoking might have served as a confounder, as smoking is known to be associated with lower BMI, but the inverse association between AP MR and BMI persisted after adjustment for smoking status and pack-years smoked. Interestingly, after replacement of BMI with WC, WHR, or dichotomous obesity in the logistic regression models, female sex was no longer associated with prevalent AP MR , whereas greater WC and WHR were protective against prevalent AP MR . This may reflect sex differences in distribution of adiposity. With respect to amount or burden of AP MR , Tobit models showed no association between AP MR burden and WC, WHR, or obesity as a dichotomous variable. In contrast to logistic regression that binarizes the outcome of interest (ie, AP), Tobit models function more like linear regression models that account for the amount or burden of the outcome of interest (albeit with floor or ceiling effects; Tobit regression was used in these analyses because 50.9% of study participants had AP MR =0). No paradoxical inverse association was seen between BMI and AP CT despite the association of smoking with prevalence and burden of AP CT . Similar results were reported from the Dallas Heart Study, where greater quintiles of BMI were associated with lower prevalence of AP MR even after adjustment for multiple CVD RFs 15 in a community-dwelling cohort.
Comparison of CMR and CT Findings
Although AP was not uncommon by either imaging modality, the 82% overall prevalence of AP CT was greater than the 49% prevalence of AP MR . This may in part be attributable to differences in actual prevalence of calcified and noncalcified plaques in the descending aorta, but differences in imaging and analysis methods may also have contributed to the lower prevalence of AP MR . CT images were acquired in seconds during a single breath hold, whereas CMR images were acquired over a period of minutes during free breathing, as multiple Abd indicates abdominal; AP CT , plaque in the descending aorta quantified by computed tomography; AP MR, plaque in the descending aorta quantified by cardiovascular magnetic resonance; AS, Agatston score; P10, 10th percentile; P90, 90th percentile; and tho, thoracic.
excitations for signal averaging were performed for increased signal-to-noise ratio. Because smaller luminal irregularities may not have been optimally depicted by CMR because of respiratory or other motion, we designed the CMR analysis protocol defining AP as discrete luminal protrusions of ≥1 mm and did not assess generalized aortic wall thickening. Comparing c-statistics between multivariable-adjusted logistic regression models, we found that the largely traditional CVD RFs considered in this study appeared to explain or be associated with a greater portion of the variance in AP CT (c=0.893) than in AP MR (c=0.648). It is certainly possible that as yet undetermined novel RFs are responsible for the poorer performance of the model for AP MR , but it is also possible that our analytical definition of AP MR failed to capture some proportion of the total noncalcified plaque in the imaged portions of the aorta.
Areas for Future Research
Aortic calcification has been associated with excess burden of adverse CVD events, CVD mortality, and overall mortality both in the general population [1] [2] [3] and in patients with prevalent CVD. 16 There are fewer reports on AP MR and CVD events such as myocardial infarction 4 or mortality, and the relative values of AP MR and AP CT for prediction of CVD events or mortality are unclear and remain to be investigated. We have shown that heritable factors contribute to prevalence of abdominal aortic calcification 17 ; the association of AP MR with such heritable factors, and how they compare with aortic calcification, is unknown. Finally, the unexpected and apparently paradoxical inverse association between greater BMI and prevalence and burden of AP MR emphasizes the complexity of the relationships between CVD RFs and AP, and the need to investigate novel RFs for subclinical atherosclerosis 
Limitations and Strengths
We obtained clinical covariates during 1998 to 2001 while scanning took place 2002 to 2006, and there were differential lags between RF ascertainment and CMR versus CT scanning for each individual participant. However, there was no systematic difference between time of CMR and CT across the Offspring cohort as a whole, and it seems unlikely that the differential risk factor associations between AP MR and AP CT would have resulted from these time differences. The members of the Offspring cohort were overwhelmingly of European descent and were mostly middle aged or older at time of scanning. Our findings may not extend to other age groups or ethnicities. 12 Strengths of the study include the well-characterized nature of the Framingham Heart Study Offspring cohort, who were followed serially for >30 years before scanning, and meticulous, standardized data collection during that time.
Conclusions
Plaque in the descending aorta was associated with greater age and with smoking, whether detected by CMR or by CT. AP CT was further associated with hypertension, dyslipidemia, and diabetes mellitus on multivariable-adjusted analyses. Aortic calcium has been shown to be associated with excess burden of future adverse CVD events. Future analyses in this cohort will investigate the association of AP MR with CVD events, and whether AP CT and AP MR are predictors of adverse CVD outcomes independent of other RFs and one another.
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